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The normal sites of dermatophyte infection
are the keratin-eontaining tissues, hair, nail and
epidermis; and these fnngi are commonly con-
sidered to be keratin digesting organisms. How-
ever a keratin degrading system has never been
isolated from them and little is known of the
properties of their proteolytic enzymes. Micro-
fungi which have been studied in more detail
(e.g. Johnson and Peterson, (1), McConnell (2),
Crewther and Lennox (3)), show the production
of varying mixtures of endo- and exo-peptidases
with activities spread over a wide range of pH
values, and recorded observations on derma-
tophytes accord in general with this pattern.
Fujii (4) showed peptidase activity in Tricho p/ty-
ton nientagrophytes between pH 5—9 while
Cruickshank and Trotter (5) showed such
activity to be maximal at about pH 7 and 10
in this organism and also in Trichophyton rubrum.
The present paper presents a more detailed study
of the variation of proteolytic activity with pH
and substrate in representative strains of some
dermatophytes together with attempts to sep-
arate and characterise various components of the
crude extracted proteolytic system from T.
robrum and Trichophyton verrucosum var. die-
coides.
MATERIALS AND METHODS
Cultivation of Mycelium
All strains were fresh isolates provided either
by Dr. Jacqueline Walker or Dr. C. J. La Touche;
they were maintained on peptone agar. Growth
for purposes of enzyme extraction was in station-
ary culture in Sabouraud broth, with the addition
of 0.1% Difco yeast extract for the growth of
T. verrucosnm var. discoides, the inoculum being
a small amount of a mycelial homogenate. The
mycelial mats were filtered on to Buchner fun-
nels and well washed with distilled water. Large
hatches of mycelium were grown by Dr. J. C.
Belton at the Ministry of Supply, Microbio-
logical Research Station, Porton, Wilts., under
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the above conditions and then freeze dried before
being sent to Leeds.
For comparison, in terms of peptidase yield,
of the value of glutamic acid and keratin as ni-
trogen sources the following synthetic medium
was used: per 10 ml. medium at pH 6.8, D-glucose
100 mg., KH2PO4 56 mg., CaC122H20 50 jig.,
MgSOe7H2O 10 mg., Zn5047H20 70 jig. DL-Glu-
tamic acid (100 mg.) or powdered, trypsinized
human nail (40 mg.) were included as required.
The latter was prepared by grinding washed hu-
man nail in a Culatti hammer mill (Glencreston
Ltd., Stanmore, Middx.), extracting the powder
for 24 hr. with ether and digesting with 5% trypsin
at pH 8 at 37° for 50 hr., with the addition of
toluene as antiseptic. The solid residue was cen-
trifuged off, washed with water, acetone and ether
and dried over phosphorus pentoxide in vacuo
Extraction of Mycelium
Small amounts of mycelium were ground at 0°
with an equal weight of acid washed powdered
glass, distilled water being gradually added until a
slurry was obtained. For larger quantities the
frozen-dried mycelium was mixed with a small
amount of solid CO2 and the whole ground in the
hammer mill and then stirred with its own volume
of distilled water and left overnight at 0° to ex-
tract. The slurry from either method was cen-
trifuged at 2,000 g. for 20 mm. at 0° and the super-
natant used as the source of proteolytic enzymes.
A single extraction of mycelium was found to be
the most satisfactory since further extractions
resulted in the solution of large amounts of nu-
cleoprotein.
Determination of Peptidase Actieity
a) Protein substrates. Universal buffer (1.25
ml, Ellis (6)) was added to each of 3 boiling tubes
and enzyme preparation (0.5 ml.) added to tubes
1 and 2 and a boiled enzyme preparation (0.5 ml.)
added to tube 3. After 5 mm. incubation at 37°
6% casein solution (0.25 ml.) was added to tubes
1 and 3 and incubation continued for 30 mm. The
reaction was stopped by addition of 10% tn-
chloracetic acid (2.0 ml.), the precipitate cen-
trifuged off, and the optical density of the super-
natants read at 280 mji. Protein content of the
enzyme preparation was determined by the
method of Lowry, Rosebrough, Farr and Randall
(7) as modified by Hall (8). A unit of enzyme
activity is defined as that amount of activity
producing an increase in the optical density of
the supernatant of 1.0 at 280 mji and specific ac-
tivity as the number of units/mg. protein of
enzyme preparation. When the effect of activators
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or inhibitors was studied the appropriate reagent
was added in 0.25 ml. water and the volume of
buffer used reduced to 1.0 ml. The enzyme and
reagent were incubated together for 30 mm. prior
to addition of substrate.
b) Hydrolysis of esters and peptides. Hydrolysis
of p-toluenesulphonyl-L-arginine methyl ester
and carbobenzoxy-L-valyl-1-tyrosine methyl ester
was measured by incubating at 34° a suitable
peptidase preparation (2.0 ml.) with 0.1 M uni-
versal buffer (0.2 ml.) and a freshly prepared sub-
strate solution (2.0 ml., 5.0 mM) and determining
the release of acid by titration with 0.01 N sodium
hydroxide in a pH stat (Radiometer, 72, Em-
drupvei, Copenhagen, NV). Liberation of amino
acids by hydrolysis of peptides was followed by
the method of Lampson and Singher (9).
c) Digestion of Ireratin. The preparation of
lipid free, trypsinised human nail described above
was used as substrate. Reduced keratin was pre-
pared from this by incubating 2 g. for 100 hr. at
18° with 0.5 M sodium thioglycollate (100 ml.)
at pH 9.0 under nitrogen, washing free from thio-
glycollate with water and rapidly drying by wash-
ing with acetone and ether. It was stored under
nitrogen at —30°.
Human adult hair was also used as substrate
after washing with water and continuous ether
extraction for 24 hr., and a reduced preparation
was obtained by incubation of 10 g. of hair at 37°
for 16 hr. with 1.0 M sodium thioglycollate at pH
11. After filtration the supernatant was adjusted
to pH 5.0 with glacial acetic acid, the precipitate
centrifuged at 500 g. ground to a dry powder with
acetone, washed with ether and stored under
nitrogen. Yield 900 mg. This product was only
soluble in dilute alkali.
Hydrolysis of these substrates was followed by
incubating for 20 hr. at 37° in an atmosphere of
nitrogen a mixture of the keratin substrate (15—
20 mg. according to substrate used), peptidase
preparation (5 units), 0.2 M phosphate buffer of
appropriate pH value to give total volume of 10
ml. Appropriate controls omitting substrate and
enzyme were included. The extent of hydrolysis
was determined in the 10% trichloracetic acid
soluble fraction of the culture filtrate by estima-
tion of material absorbing at 280 mp, peptide
material by the biuret method, free thiol groups
according to Boyer (10) and cysteine according to
Nakamura and Binkley (11).
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FIG. 1. Variation of peptidase activity with pH in enzyme preparation from various dermatophytes.
Organisms were grown on Sabouraud broth at pH 5.5 for 10 days. Peptidase activity of aqueous
mycelial extracts was measured using cascin as substrate. M. canis (X), T. rubrum (0), T.
mentagrophytes (•) and T. verrucosum var. discoides (Dx).
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TABLE 2
DL-glu-
tamic
acid
Human
nail
Keratin
Source of Materials
('asein was light White Soluble (British Drug
Houses), bovine serum albumin was from Messrs.
Armour Ltd., and peptide substrates were ob-
tained from L. Light & Co.
RESULTS
Variation of Peptidase Activity with ph
The study of pH activity curves for representa-
tive strains of several dermatophyte species re-
vealed a number of activity maxima in the range
of pH 5 11 and typical results are shown in Fig.
1. These results indicate the presence of a group
of enzymes with the greatest degree of activity
between pH 6—7, except for the strain of T. meeta-
grophytes which showed its lughest activity be-
tween pH 7—8.
Effect of Nitrogen Source for Growth on Total
Peptidase Yield in T. Rubrum
Three growth media were employed—Sabouraud
broth, and a glucose salts medium with either L-
glutamic acid or powdered, ether extracted tryp-
sinised human nail as nitrogen source. A series of
flasks with each medium were inoculated and
harvested at various times. The total peptidase
activity as measured at pH 5.8, 6.4, 7.6, 8.8, and
10.9 was determined in both mycelial extract and
culture filtrate as shown in Table 1. The peptidase
activity is seen to be largely retained in the my-
celium during growth in Sabouraud broth and
with L-glutamic acid as nitrogen source but to be
released into the medium in high yield after 20
days growth on the keratin substrate. The spread
of peptidase activity at the different pH values
was sbown to be the same irrespective of substrate
Protein Activity
I 2,435 0.81
2,510 1.25
1,330 2.57
76 733 9.47
and whether the preparation was derived from
mycelium or filtrate. Whether or not the enzymes
are released from the mycelium appears. there-
fore, to depend upon environmental factors. Since
it was impossible to obtain adequate supplies of
human nail for large scale production, Sabouraud
broth was utilised instead and a reasonable yield
obtained in a 10—12 day growth period.
Attempted Purification of Peptidascs
A variety of technics have been employed to
attempt to remove inert protein from the crude
mycelial extracts and also to separate into discrete
fractions the peptidase activity seen at various
pH values. The latter objective has not been
achieved despite the use of solvent and salt pre-
cipitations and absorption on a number of resins
and cellulose derivatives. Some degree of separa-
tion from inactive protein has been achieved
yielding a 10 fold increase in specific activity and
the method used is illustrated for a preparation
from T. rubrum, strain J.S.
Frozen dried, ground mycelium (100 g) of 7'.
rubruor, strain JS, grown on Sabouraud broth for
12 days was extracted overnight at 00 with distilled
water (600 ml.), the residue being centrifuged
off at 2,000 g at 00 for 15 mins. (Fraction
1). Ethanol (540 ml.) was added over 2 hr. to Frac-
tion I (300 ml.) cooled to —10, the precipitate
allowed to stand overnight, the yellow super-
natant siphoned off and the precipitate separated
by centrifugation at 2,000 g at 100 for 10 mm.
The supernatant was discarded and the precipitate
(Fraction II) was resuspended in water (320 ml.)
and heated rapidly to 500, maintained at tlus
temperature for 2 mins., rapidly cooled to 00
and centrifuged at 2,000 g for 10 mm. at 00. The
supernatant (Fraction Ill) was dialysed with
gentle stirring for 6 hr. against saturated am-
monium sulfate solution and the precipitate
(Fraction IV) obtained was centrifuged at 2,000
g at 00 for 10 mm., the supernatant being dis-
carded. Fraction IV was completely redissolved
by suspension in saturated ammonium sulfate
solution and dialysis for 6 hr. against 3.5 M am-
monium sulfate solution. The salt was finally
removed by repeated dialysis against distilled
TABLE 1
Peptidnse prod oction by Trichophyton rubruot after
growth on different nitrogen sources
Portiat purification of peptidnses front F. robrooi
Nitrogen
Source
Proteose-
peptone
Fraction
Peptidase Units
My- F!trte Total
3 2 5
Vol.
ml.
Peptidase jUnits/mg.
drywt. II.
III.
3,060
2,000
518
nays
4
8
12
20
4
14
25
8
14
20
26
Mycelial
Dry W/t.,
mg.
30
145
250
300
10
50
175
205
250
300
Original extract
Ethanol ppt.
Supernatant
after 2 mm. at
500
IV. Soluble in 3.5—
5.2 M
(NH4) 2804
300
320
310
105
28
50
45
0
0
16
0
5
12
35
5
12
17
0
3
2
0
15
18
204
0.166
0.227
0.250
0.206
0.06
0.103
0.097
0.120
0.796
33
62
62
0
3
18
0
20
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FIG. 3. Hydrolysis of ester substrates by peptidases from T. rubrom, strain JS.
Liberation of acid measured by titration with 0.01 N NaOH as described in text. Substrates p-
toluenesulphonyl-L-arginine methyl ester (0), carbobenzoxy-L-valyl-L-tyrosine methyl ester (X).
water. 1)etails of protein content and activity of
these fractions is given in Table 2.
by a study of the activity in the presence of a
group of inhibitors and upon different substrates.
.
Properties of the Peptidases
The variation of activity found with changes
in pH suggested the presence of a group of pep-
In view of the failure to effect separation of pep-
. .tidase activIty at various pH values by purifi-
cation, the crude mycelial extracts were used
unless otherwise stated.
tidases and this possibility was further examined a) Effect of serum. With casein as a substrate,
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FIG. 2. Effect of human seruni upon peptidase activity from T. rubrum, strain JS. Substrate
casein, serum concentration /100 ml.: 20 ml. (X), 5 ml. (s), control (0).
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TABLE 3
Hydrolysis of peptides by T. rubrum peptidese
All values are mean of at least 3 experiments
using universal buffer (3 ml.), enzyme prep.
(0.4 ml., sp. activity 1.55) and substrate (0.5
ml. of 0.05% soln.) with appropriate enzyme and
substrate blanks. Extent of hydrolysis determined
by the method of Lampson & Singher (1960).
pH________
Substrate 3 4.5-5 6—6.5 7—7.5 8—5.5 11
Optical density reading at 57 m
Carbobenzoxy-L-
valyl-L-tyrosine
methyl ester
glycyl-leucine
glycylglycine
glycyiphenylalanine
glyeylproline
tri-glycine I
human and bovine sera at concentrations be-
tween 5--20 % have considerable inhibitory power
against peptidase activity at all pH values ex-
cept between pH 5—6. Typical results for T.
rubrum peptidases are shown in Fig. 2; similar
results being obtained for T. verrucosum var.
discoides, T. mentagrophytes and Micros porum
canis.
b) Role of thiol groups and metal ions. The
dependence of peptidase activity upon the pres-
ence of thiol groups was examined using p-
chloromercuribenzoate, iodoacetic acid and
mercuric ions as inhibitors. Peptidase activity
was studied at pH 5—6, 6—7, 7.5—8.5 and 10—11
representing the zones of highest activity in the
strains used. p-Chloromercuribenzoate (0.125
mM) strongly inhibited activity at pH 5—6 in
all strains, and at pH 6—7 and 7.5—8.5 in T.
verrucosum var. discoides and ill. canis. Mercury
(0.25 mM) was an inhibitor of activity at all pH
values while iodoacetate (10.0 mM) was rela-
tively ineffective except against activity at pH
5—6 in T. rubrum. Cysteine (20—40 mM) was a
powerful inhibitor at pH 5—6 in all strains; at
pH 8—11 its effect was generally of strong stimu-
lation, suggesting the importance of reduced
thiol groups for this activity. General inhibition
resulted at all pH values when the eysteine
concentration was raised to 100 mM. This in-
hibition might indicate the sequestering of an
activating metal ion but incubation for short
periods with ethylenedianune tetraaeetate
(EDTA 50 mM) did not result in appreciable
inhibition; reactivation experiments with metallic
salts gave equivocal results. Dialysis of partially
purified extracts (Fraction IV, Tahle 2) from
T. rubrum against EDTA showed some inhibition
but again gave equivocal results in reactivation
experiments. Convincing evidence for the pres-
ence of an active center involving a metal-
sulphhydryl complex in peptidases of the type
shown by Vallee, Coombs and Hoch (12) in
bovine pancreatic carboxypeptidase must await
further purification.
c) Hydrolysis of synthetic substrates
(i) p-toluenesulphonyl-L-arginine methyl ester.
The ester linkage of this substrate is hydrolyzed
by peptidases such as trypsin, the hydrolysis
0.15 being specifically inhibited by di-isopropyl-
0.25 phosphofluoridate. Fig. 3 indicates the presence
0.35 in the extract from Trichophyton rubrum, JS, of a
0.08 peptidase with this substrate specificity and
showing optimum activity at pH 8.5—9. This
activity was 66% inhibited by di-isopropylphos-
phofluoridate.
(ii) C'arbobenzoxy-L-valyl-L-tyrosine methyl
ester. Hydrolysis of the ester linkage of this
substrate by the T. rubrum peptidase with op-
timum activity at pH 6—6.5 is shown in Fig. 3,
the activity being 90% inhibited by di-iso-
propylphosphofiuoridate. This indicates the
presence of peptidase activity with substrate
specificity comparable with that of chymotrypsin.
The peptide linkage in this substrate was also
hydrolysed (Table 3) with a maximum activity
at pH 5.
(iii) Peptides. The hydrolysis of a group of
glycine peptides by the T. rubrum peptidase was
studied over the range pH 3—11. 'fhe results are
summarized in Table 3 and indicate a wide
spread of dipeptidase activity.
d) Hydrolysis of keratinous substrates Aeon-
vincing demonstration of keratin hydrolysis
requires the preparation of keratin free from
non-keratin proteins. Attempts were made to
obtain such substrates by using lipid free, ground
human nail which had been incubated with
trypsin and preparations of reduced keratin from
human nail and hair analogous to those of
Michaelis and Goddard (13) and Peters and
Wakelin (14), from wool. The preparations
obtained were very readily re-oxidized and that
from nail was only sparingly soluble in buffers,
even at alkaline pH values. Proteol sis of these
0.1 0.450.25 0.19
0.1
0.17
0.1
0.06
0.19
0.12
0.06
0.8
0.075
0.3
0.13
0.09
0.8 0.55
0.2 0.13
0.3 0.25
0. 16 0. 02
0.06
substrates by peptidase preparations from T.
rubrum and T. verrucosum var. disroides was
examined by determining triehloraeetie acid
soluble material with absorption at 280 rno, free
eysteine, total thiol groups and peptide material
released; such estimations would provide a more
satisfactory indication of digestion of keratin
than simply a demonstration of the release of free
amino acids during fungal growth.
Incubation of the nail keratin preparation
with the above mould enzymes showed no evi-
dence of digestion, indicating that the prepara-
tion was reasonably free from non-keratin pro-
teins; and that if keratolysis were to occur some
modification of its molecular structure was
required. Reduction of disulfide bonds by pre-
incubation with thioglycollic acid gave products
from both hair and nail which showed some
susceptibility to digestion (Table 4). The
amounts of pcptidc material released by the two
peptidase preparations were comparable but
release of cysteinc and thiol groups was lower
with the preparation from T. verrucosurn var.
discoides. The total thiol level was largely but
not entirely accounted for by cysteine. The
extent of digestion was greatest at pH 6—7 and
was comparable with that found with trypsin
at pH 8 in parallel experiments.
otscussvoN
The results indicate that on substrates varying
in complexity from dipeptidcs to proteins the
dermatophytes in vitro produce a complex mix-
ture of peptidases some of which show properties
similar to trypsin and chymotrypsin, and which
arc active over a wide range of pH. Separation of
individual enzynies has not been achieved but
the presence of a group of enzymes has been
further indicated by the varying effect of in-
hibitors such as serum, p-chloromcrcuribenzoate
and cysteine upon activity at different pH
values.
Measurements of the pH of the surface of the
skin show variation between pH 4.5—6, results
varying with the observer and the method used
(Rothman (15)). If it can be assumed that the
same complex of enzymes is produced in civo
these organisms would seem to be well adapted
to protcolytic attack in the skin and its append-
ages since they contain enzymes active at any
pH likely to be encountered parasitically. In-
vasion of the deeper layers of the epidermis is
inhibited in vitro by serum (Roth, Boyd, Sagami
and Blank (16)), and it may be significant that
in the present work serum also inhibited pcpti-
dase activity above pH 6. Raubitschek (17) has
drawn attention to the equivocal nature of a
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TABLE 4
Digestion of keratiñous substrates by peptidases frons Trirhophyton rubruin and Trichophyton verrucosum
var. disroides
Digestion was with 5 units of partially purified peptidases (1 ml.) for 20 hr. at 37° under N2,in 0.2
M phosphate buffer (9 ml.). Results are corrected for appropriate enzyme and reagent blank values.
Peptidase PH cysteine
Products Released as Result of Peptidase Actioo
II
total thiot
jiM
I It
T. rubrurn
7'. verrurosum var. dis-
roides
F
280 mji
Peptide material
mg.
It
6.0
7.0
8.0
11.0
6.0
7.0
8.0
11.0
1.40
2.05
2.02
0.0
0.2
0.48
0.85
0.0
0.45
1.19
1.18
1.50
0.23
0.28
0.78
2.03
1.90
2.15
2.54
0.0
0.2
0.42
1.21
0.0
0.52
1 .62
1 .60
2.76
0.27
0.32
0.97
2.61
0.111
0.072
0.116
0.098
0.114
0.069
0.078
0.065
0.06
0.06
0.09
0.30
0.07
0.12
0.09
0.0
II
3.5
1.8
0.0
0.0
5.1
3.7
1.3
0.0
3.5
4.5
4.9
1.5
5.4
3.8
3.4
9.0
Substrate I-—reduced human nail keratin (10 mg.).
Substrate TI—reduced human hair (15 mg.) both substrates prepared as described in text.
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number of claims of keratolysis by dermatophytes
and has shown that there are adequate sources
of nutrition for these organisms in the non-
kcratin constituents of epidermis, as has also
been shown by Barlow, Chattaway, Brunt and
Townslcy (18) for the water soluble components
of the skin surface. The resistance of trypsin-
treated human nails to attack by dermatophyte
pcptidascs and the occurrence of protcolysis
following reduction of disulfide linkages in the
present work sopports the suggestion of
Nickcrson (19) that in vitro some modification of
keratin may be necessary before the dcrmato-
phytcs can cause kcratin breakdown. Such modi-
fications could occur as the result of the liberation
of a reducing agent such as occurs in the gut of
Tineola larvae (LindcrstrØm-Lang and Duspiva
(20)), or due to the presence of disulfide reductascs
such as those demonstrated in baker's yeast by
Nickerson and Falconc (21) and in pea seeds by
Hatch and Turner (22).
SUMMARY
1. Peptidases have been extracted with water
from the mycclium of a number of dermatophytcs
and activity demonstrated over a wide range
of pH values.
2. Attempted purification of the enzymes has
resulted in a tenfold concentration of activity
but no separation of individual enzymes.
3. The presence of a group of enzymes has
been indicated from the varying effect of reagents
such as serum, p-chloromcrcurihenzoate, cystcine
and di-isopropylphosphofluoridate upon activity
at different pH values.
4. The use of synthetic substrates with en-
zymes from Triehophyton rutrum showed the
presence of dipcptidascs and enzymes with the
spccificitics of trypsin and chymotrypsin.
5. The pcptidases had no effect upon trypsin-
treated human nail and hair unless the keratin
was first reduced by treatment with thioglycol-
late when protcolysis was shown to occur.
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